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V . — T H E E X T E N T OF GEOLOGICAL T I M E . 1

By the Rev. MAXWELL H. CLOSE, M.A., F.G.S.;

President of the Royal Geological Society of Ireland.

THE question of the geological age of the earth has been of late
very prominently before the minds both of geologists and

physicists. There is no occasion to take up time by giving a sketch
of the late history of the discussion. I beg leave simply to point
out some considerations which seem to lessen considerably the
weight of the physical objections to the great extent of geological
time. Let us observe before proceeding further that we do not wish
to avoid wholesome restriction of geological time. It seems to me
that it adds greatly to the interest of geological investigation to
know that we have not a wilderness of possibility before us as to
the length of time and the consequent deliberateness of geological
operations. If we feel inclined to complain that Sir William
Thomson is rather severe upon us, let us reflect that in this matter
he is generosity itself compared to a certain distinguished collabo-
rateur of his, and moreover that if he lays a burden upon our
shoulders, he supplies us with a good staff to help us in carrying it.
He points out that while the earth was hotter than now, its energy
was greater, and the rate of working of geological agents greater.
This would lessen the need for greatly extended time. We should
admit that there were, probably, two circumstances which would
make that increased energy less readily available, and diminish the
rate of its expenditure. Those are the cloud-covering that must
have enveloped the earth to interfere with radiation, and the greater
extent of sea and smaller extent of land, which is supposed to have
existed in the earlier geological ages, which would lessen the
amount of denudation by diminishing its area. The first physical
objection that we shall now mention is that drawn from the
supposed rate of cooling of our globe, and the time that would be
necessary for it to reach its present thermal condition. Sir William
contemplates granting the geologists 90,000,000 years, though he
may have to allow them only 50,000,000. In making the calcula-
tion it is necessary to make two estimates and two assumptions, on
which to found the calculation. The first estimated quantity is the
increase of temperature per unit of depth in the crust of the earth,
which he takes at 1° Fahr. for 54 feet. The second is the con-
ductivity of the body of the earth, or at least of its less inward part.
Mr. Mellard Eeade has shown the great uncertainty there is as to
both of these. The two assumptions are the approximately equable
distribution of the temperature of the globe at its first solidification,
and the constant difference of temperature between the surface and
the interior, of more than 7,000° Fahr.

The next argument for the restriction of geological time which we
shall consider is that the sun cannot be imagined capable of keeping
by its radiation the earth's surface in a state fit for the support of

1 Being a paper read before the British Association (Section C), Dublin,
August 21, 1878.
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vegetable and animal life for a time as long as the geologist would
require. If I might presume to express an opinion on the subject,
it seems to me that this is the argument which is calculated to cause
the greatest anxiety to geologists. The period of the sun's radiation
depends upon two principal assumptions, not to mention some others
of much less importance, and these are the amount of heat at the
disposal of the sun, and his power of radiating it. As to the latter,
his radiating power, the physicists have kindly come to our help and
mitigated our difficulty considerably by showing us how to restrain
his otherwise too lavish radiation when he was still young. We
shall content ourselves with thanking them for their help, and pass
to the other point. Now, then, as to the amount of potential heat
that there was in the solar system nebula to be afterwards realized
by the sun. This is calculated on two assumptions, both, it must be
candidly confessed, very reasonable ones, yet both we must at the
same time claim to be not proven. The first is, that the nebula
whence the solar system was to be formed had ho energy worth
speaking of proportionately, but the potential energy of gravitation
wherewith to start on its career of evolution ; and the second is that
the unit of gravitation, at least within the range of the original
nebula, and of the resulting solar system, has always been constant.
Dr. Croll's suggestion in answer to the first of these is well known
—viz. that it may have been the very heat of the nebula which
caused it to exist as such, and that its heat may have been produced
by the collision of two cosmical masses. We shall not go into this
now; we shall merely endeavour to remove the objection that has
been made to it. It is admitted that such collisions occasionally
take place, but it is objected that they are rare, and that the chance
of any particular cosmical body colliding with another within a con-
siderable number of millenniums is indefinitely small. Most true :
but in the first place for how many cosmical asons were we waiting
for our collision ? On foot of this account the geologists have practi-
cally unlimited funds to their credit in the Bank of Time. But
besides this there seems to be some misconception in this objection
of the improbability of this collision. The very same accident or co-
incidence may be to one observer a matter of indifference, and per-
fectly credible on comparatively slender testimony, and it may be to
another so remarkable and striking as to be not easily believed, or
only to be explained as a direct interposition of Providence—accord-
ing to the point of view of the observer, according as he happens to
be concerned with the coincidence. It seems to me that the present
objection has no weight; it has scarcely any meaning except from
the anthropocentric point of view, and that cosmologists ought to
consider cosmological questions from a higher standpoint. But,
besides this, not only does Dr. Croll's suggestion afford relief to the
geologists, but I respectfully submit that the physicists themselves
might be glad to avail themselves of it.

We are told most truly that the falling together of the materials
of a cold nebula is "a thoroughly intelligible source of heat." But
what about the source of the cold nebula itself? Is that a thoroughly
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intelligible matter ? I submit that if we try to trace the line of \
causation into a cold nebula, when we have got there we shall find
ourselves in a cul-de-sac, and can go no further. Moreover, we are
not entitled to take it as an ultimate fact without the strongest
reasons. It is not the custom of the physicists to take refuge in
Agnosticism as long as they can possibly avoid it. In other matters
they will trace the steps of causation as far back as they possibly
can. Let us then, instead of going back into a cold nebula which
cannot be accounted for, take the other turn into a heated one, for
which there is " a thoroughly intelligible source," in the relative
motion of cosmical masses which we know to be an actual fact.
We do not know that a cold nebula is a fact in this stage of the
universe. All the nebulae of which we know are apparently glowing
with heat, and considering the apparent tenuity of them, and the
enormous dimensions of some, it is highly probable that their heat
is the result of the falling together of their parts. As to the
gravitation attraction being the sole force that was to cause the
molecular falling together of the materials of the nebula, we do not
know that this was so. The shapes of some nebulse and the
behaviour of others by no means encourage the belief that the
gravitation attraction is the sole connexion between their parts.

But as to the gravitative attraction itself, granting that it was the
origin of the potential energy of the solar system nebula, do we know
that the unit of gravitation is constant throughout the enormous
interstellar space that has been traversed by our system since it first
began to fall together? Eecent physical speculations contemplate
gravitation as being not an inherent essential property of matter
itself. If it were so, we might well suppose it to be unchangeable,
as inertia most probably is. But it is conceived of as depending
upon the action of an external gravific medium, which might or
might not be there. And there seems to be nothing to lead us to
believe that the energy of that medium must be uniform through-
out time and space. Some physicists conceive of that medium as
being itself not amenable to the law of the conservation of energy;
there is no inconsistency whatever in this. But it is rather a
startling position to take up, and to avoid the necessity of doing
so, Mr. Tolver Preston suggests that the gravific medium may be
comparable in its structure to a gas with an exceedingly great
yet limited mean excursion of its particles. This would limit the
range of gravitation between two material particles, though we have
now nothing to do with that. And he suggests that the light and
heat which is supposed to be entirely dissipated and lost in space
may not be really so—the luminiferous ether may be all the while
paying back to the gravific medium, in some way unknown to us,
the energy which it is expending in producing the heat of the
countless suns. This would certainly be more in analogy with what
we see around us of the transformation of energy. Now, let us join
•with this Poisson's idea that the so-called temperature of space—the
whole radiation of the stars at any place—is not uniform, and it
results from speculations made by physicists themselves, not in the
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interests of geology, that the unit of gravitation may not be constant
throughout time, nor through the enormous length of interstellar
space traversed by the solar system mass since it first began to fall
together. We therefore cannot assert that we know what potential
energy was possessed by that mass at that time, and what amount
of heat for the sun to radiate at that time could be produced thereby.
If there is too much boldness in these speculations, it is not the
geologists who are accountable for that. Let us hope that the
physicists may not withdraw them when they find that they may be
turned to the advantage of geology.

We now come to the argument from the figure of the earth,
taken in connexion with the circumstance that her rate of rotation
must be diminishing—diminishing in consequence of the excess of
the retardation caused by the tides over the acceleration caused
by her contraction in cooling. The argument is this—when the
earth consolidated she became as rigid as steel. Then, since the
earth's figure is now so very nearly that due to her present
rotation rate, she must have consolidated when her rotation was
but little higher than now—that is to say, a comparatively short
while ago. One reply which I have heard made by Professor
Haughton is this—that when the earth had first solidified, her high
temperature would cause rapid cooling; this would produce rapid
contraction ; this would cause acceleration of her rotation, which at
first would overpower the tidal retardation, but after the lapse of
a long time would sink to an equality therewith. Then the tidal
retardation, even though remaining constant, would obtain the pre-
eminence, and after the lapse of another long time bring down the
rotation rate again to what it was at first solidification. So that, for
all that appears to the contrary, the time that has elapsed since first
solidification took place, consists of two long periods, and may be as
great as geologists need wish for. This answer accepts, at least for
the sake of argument, the steel rigidity of the globe, and is, I
conceive, sufficient. But I would beg leave to point out another.

Sir William Thomson has himself very seriously shaken the
foundation of the doctrine of the steel rigidity of our globe. This
doctrine had formerly two grand supports, and, as far as I can find
out, only two. Of these, Sir William has completely shattered one,
that which rested on the amount of precession and nutation; and
he has greatly discredited the other, for the present, at least, that
which rested on the magnitude of the ocean tides. He still con-
siders that the evidence of the tides, as far as it goes, points to the
high rigidity of the earth, but he shows that the semi-diurnal and
diurnal tides are to be laid aside for one reason, and the semi-annual
and annual for another. The only tides that he looks to for the
determination of the amount of the earth's rigidity are the lunar
fortnightly and monthly tides. But now observe, he says, that the
Tide Committee of the Association "have not hitherto succeeded
in obtaining any trustworthy indications of these tides," but the
indications, such as they are, " seem to show possibly no sensible
yielding, or, perhaps, more probably some degree of yielding of the
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earth's figure." "But though the testimony of these two tides is
still so doubtful, let us accept it." The body of the earth yields
very little to a fortnightly or a monthly change of straining force.
But what about the 18-6 year variation of force connected with the
revolution of the moon's nodes ? Sir William Thomson says, " The
absence from all the results of any indication of an 18-6 year tide
is not easily explained without assuming or admitting a considerable
degree of yielding." Observe how much clearer and stronger his
language is now than before. There being no perceptible 18-6 year
tide in the ocean, we conclude that the body of the earth must yield
nearly as much as water to the variation of tidal force having that
long period, though it will only yield a very little to a fortnightly
or a monthly variation. The meaning of that is, that the rigidity of
the earth, though so high as to amount, is as to quality a viscous
rigidity. The peculiar character of a viscous solid is well known
and illustrated by a stick of sealing wax. The earth, then, may
yield as much as geologists need desire to the continued decrease of
the centrifugal force of rotation. And therefore it may be hundreds
of millions of years since she became solid, although her shape now
so nearly corresponds to her present rate of rotation. There are
quite independent considerations which make it most probable that
the rigidity of substances at a much higher temperature than that of
free fusion, but kept solid by pressure, is generally a viscous rigidity.

I would beg leave to suggest a method by which the yielding of
the earth to the 18-6 year change of tidal force could in all probability
be verified. If there be, as there certainly seems to be, " a consider-
able degree of yielding " to this in the body of the earth, it consists
of an alternate rising and sinking of the whole equatorial belt of our
globe together. This must alternately diminish and increase the
rate of the earth's rotation—diminish it while the moon's ascending
node is passing (retrogressively) for 8-55 years, from about 15 deg.
W. of the winter to the same distance E. of the summer solstice, and
for 10-05 years v.v. I believe that this change, though very small,
is of an order of magnitude that could be detected by the astronomers
if they would kindly undertake to look for it. They could not use
the moon as their timepiece, her tables not being yet as correct as
would be necessary in this case. But they have promised us revised
tables of the Satellites of Jupiter, and when they shall have fulfilled
their promise the innermost satellite would doubtless make a time-
piece sufficiently accurate for the purpose.

NOTE.—The following coincidence seems worth mentioning, though
doubtless only accidental. Professor Newcomb has thrown out the
suggestion that certain unexplained irregularities in the moon's
motion may be only apparent and caused by inequalities in the
earth's rate of rotation. He has concluded that, if this be so, the
earth was going slow in her rotation from 1850 to 1862, when she
began to go fast. Now, from the above-mentioned cause the earth
would go slow from November 26, 1852 (or very shortly after), to
March 12, 1862 (or very shortly after), when she would begin to go
fast again. The near coincidence is curious. But that is all; for
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while the 18-6 year tide in the body of the earth would keep the
earth fast from 1862 only to June 30, 1871, Professor Newcomb's
observations would show that the earth has been going fast, at least
down to the latter part of last year—1877; and besides the changes
caused by the 18-6 year tide could not, I believe, be as large as those
deduced by Professor Newcomb from the apparent variations of the
moon's motion.

N O T I C E S OIF1 IMCIEIMIOIIR-S-

I.—GEOLOGICAL HISTOHT OF THE NORTH AMERICAN LAKE EEGION.1

By GEORGE MAW, F.L.S., F.G.S.
T71R0M Haysville I proceeded to Toronto, thence down Lake
JD Ontario, with flat shelving shores here and there, with a low
cliff of lake silt, in which, as far as I could observe from the steamer,
glacial boulders were absent, though inland from the lake glacial
drift was everywhere visible. The " Thousand Islands," at the
eastern end of the lake, seemed to consist in part of glacial drift;
some of the smaller islands of granite or a hard metamorphic rock,
the whole densely covered with low deciduous woods and Hemlock
Spruce. The low rocks were thoroughly rounded by ice action,
possibly by post-glacial floating-ice passing over them, prodigious
quantities of which are annually carried down the river during the
spring thaw. The lake gradually narrows amidst an archipelago of
little islands, and tapers imperceptibly into the great river. One of
the most striking features throughout its length to Montreal is the
absence of that sloping conformation of the land towards the river
channel, the result of graduated subaerial drainage which is character-
istic of most large river valleys, and the St. Lawrence seems placed
inharmoniously in relation to the adjacent land contour. It has its
channel between low banks, and that is all, and the observer fails
to detect that graduated contour which the contributory ramifications
of all ancient rivers have sculptured from their watersheds to their
main channels of drainage; moreover, the St. Lawrence has an
indecisive course, here splitting itself up against trifling obstacles
into numerous channels, again uniting and spreading itself out into
broad shallow lakes over the land, reminding one of the behaviour
of a sudden rush of storm-water over a course unprepared for it.
The St. Lawrence is obviously a new river and supplies a fresh
line of drainage compared with the ages of many other rivers, and
its history must be viewed in relation to the origin of the great
chain of lakes of which it is the outlet.

The surface levels of the lakes step gradually upwards. Ontario
is 235 feet above the sea; Erie, 564 feet; Huron, 595 feet; Superior,
627 feet above the sea. But their depths have no relation to the
order in which they occur from the watershed to the sea, for the
bottom of Ontario nearest the sea is 365 feet below the sea-level.
The bottom of Erie is 462 feet above the sea-level of Huron, 145
feet above the sea; and of Superior, at the inland end of the chain

1 Extracted from "American Notes," Gardener^ Chronicle, 1878, pp. 169, 170.
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